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RETRIEVABLE INFERIOR VENA CAVA FILTER SYSTEM 


FIELD OF THE INVENTION 

This invention relates to the field of vena cava 
5 filtering devices, and more particularly to retrievable, 
percutaneous vena cava filters and filter systems. 


BACKGROUND OF THE INVENTION 

Pulmonary embolism/ an obstruction of the pulmonary 
artery or one of its branches by a blood clot or other 

10 foreign substance, is a major cause of in-hospital death. 
To prevent pulmonary embolism from occurring , patients are 
commonly treated with anticoagulants such as Heparin and 
with thrombolytic agents such as Streptokinase. In some 
situations, however, reliance on this approach to treatment 

15 may be inappropriate where, for example, the patient is 

Heparin sensitive or has a high risk of internal bleeding. 
Also, this approach is sometimes simply ineffective in 
preventing recurrent pulmonary emboli. 

Mechanical interruption of the inferior vena cava 

20 presents an effective alternative when chemical treatment is 
inappropriate or ineffective. Most devices and methods 
currently available for mechanically interrupting the 
inferior vena cava, however, carry a number of significant 
disadvantages. For example, applying clips or sutures to 

25 create new, multiple and reduced orifices within the 

inferior vena cava to trap emboli and prevent them from 
migrating to the lungs is an operative procedure requiring 
anesthesia, creates increased post-operative complications, 
and may ultimately cause complete occlusion of the vena cava. 
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Improved treatment has been effected through the 
development of permanently placed filters. When a permanent 
filter has been implanted, though, the patient must remain 
on anticoagulant medicine for as long as the filter is left 
in place. Also, over the period of time that it is left in 
Place, a permanent filter may eventually become dislodged or 
become clogged, and the filter must consequently be removed 
or replaced. While some permanent filters are designed to 
be percutaneously "retrievable", they often become embedded 
as their anchoring hooks or protrusions become 
endothelials by the vessel wall and retrieval must be 
done surgically. 

In many cases, where long term inferior vena cava 
filtration is not necessary or appropriate, a temporary 
filter that can be readily retrieved may provide a 
preferable alternative. One such device, disclosed in U.S. 
Patent 5.549,626, includes inner and outer catheters and a 
dome-shaped, mesh-like, collapsible filter basket mounted to 
the distal end of the inner catheter, in use, the inner 
catheter and collapsed filter basket are telescopically 
advanced through the lumen of the outer catheter until the 
basket exits the distal end of the outer catheter where it 
expands to its domed shape to engage the vessel walls and 
trap emboli. A syringe may be applied to the inner catheter 
to aspirate the trapped particles from the filter. Aside 
from the mechanical complexity of using two coaxial 
catheters, the mesh-l lke material may obstruct the flow of 
blood in the blood v esse i more than necessary, or may be 
tanaled or torn during introduction, placement, expansion 
and retrieval. The smaller inner catheter and mesh-like 
basket also tend to interfere with and limit the access of 
other instruments to the blood vessel or the placement of a 
permanent filter. 

"A Retrievable Nitinol Vena Cava Filter: Experimental 
and Initial Clinical Results," by Nakagawa et al. i„ the 
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.lournal o f Vascular and Interventional Radiology, May-June 
1994, p. 507 describes a femorally deployed temporary filter 
made of Nitinol which forms a f rustoconical shape that 
decreases in diameter as the filter extends distally away 
5 from its delivery sheath in the direction toward the heart. 
The distal end of the filter is formed into a larger 
diameter, stabilizing loop, which acts to center the 
terminating end of the filter within the blood vessel. 
Unfortunately, it is difficult to reach the interior of this 

10 filter to perform aspiration, and there is a risk that 

emboli loosened in the attempt to aspirate or in the process 
of removing the filter will pass back toward the heart. 
While a permanent filter may be placed above the temporary 
filter as a precaution against such an occurrence, doing so 

15 would appear to defeat much of the purpose of utilizing a 
temporary filter in the first place. While this filter is 
in place, it is also difficult to gain access to or through 
the filter area with other instrumentation when the need to 
do so arises. 

20 What is needed is an improved filter for trapping emboli 

in a blood vessel where the filter is easy to deploy and 
retrieve and facilitates access to the vessel at or around 
the filtering site, for example, to aspirate or infuse. 


WO 98/36786 


PCT/US98/03097 


-4- 


10 


SUMMARY OF THE INVENTION 

The present invention relates to a new percutaneous 
filter system for providing temporary filtering of emboli 
from the blood. in the following described preferred 
embodiment, the filter system includes a delivery catheter 
having a first working access lumen, and a second filter 
deployment/retrieval lumen containing a filtering device 
which is deployable therefrom. The filtering device 
includes a deployment/retrieval wire section and a filtering 
element formed at the distal end of said 
deployment/retrieval wire section. The filtering element is 
made of shape memory/superelastic material and is formed to 
have a pre-disposed distally expanding f rustoconical shape 
which, when the filtering element is deployed by being 
15 extended distally from the delivery catheter through the 
filter deployment/retrieval lumen thereof, defines a 
filtering channel that is offset from said 
deployment/retrieval axis and extends about the extended 
axis of the working access lumen of the delivery catheter. 
When the filtering element is so deployed within a blood 
vessel, emboli trapped within the filtering element are 
funneled toward the working access lumen of the delivery 
catheter and can easily be aspirated or otherwise removed 
therethrough. With the filtering element in place in its 
deployed position, other instrumentation may also be passed 
through the working access lumen of the delivery catheter 
and the filtering channel to gain access into the blood 
vessel as desired. 

It is an object of the present invention to provide an 
improved filtering system for filtering emboli from blood in 
a blood vessel . 

It is also an object of the present invention to provide 
a blood filter for use in the inferior vena cava that 
provides improved access for infusion, aspiration and for 
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other instruments at the site of filtration. 

Further objects and advantages of the present invention 
will become apparent from the following description of the 
preferred embodiment. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective side view of a retrievable 
inferior vena cava filter 10 in accordance with the 
preferred embodiment of the present invention. 

FIG. 2 is a perspective side view of the distal end of a 
retrievable inferior vena cava filter system 30 including a 
delivery catheter 31 and the filter 10 of FIG. 1 shown in 
the deployed condition, in accordance with the preferred 
embodiment of the present invention. 
10 FIG. 3 is a perspective side view of the filter system 

30 of FIG. 2 and shown in the filter delivery condition. 

FIG. 4 is a side cross-sectional view of the catheter 31 
of FIG. 3 along plane A. 

FIG. 5 is a diagramatic view of a human body showing the 
filter system 30 advanced to the inferior vena cava and in 
the deployed condition. 


15 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

For the purposes of promoting an understanding of the 
principles of the invention, reference will now be made to 
the embodiment illustrated in the drawings and specific 
5 language will be used to describe the same. It will 

nevertheless be understood that no limitation of the scope 
of the invention is thereby intended, and any alterations 
and modifications in the illustrated device, and any further 
applications of the principles of the invention as 

10 illustrated therein are contemplated as would normally occur 
to one skilled in the art to which the invention relates. 

Referring to FIG. 1, there is shown a retrievable 
inferior vena cava filter 10 in accordance with the 
preferred embodiment of the present invention. Filter 10 is 

15 a unitary length of wire 11 made from a shape 

memory/superelastic alloy such as the nickel-titanium alloy 
known as Nitinol. In the preferred embodiment, wire 11 is 
made from polished Nitinol monofilament wire (.356 mm). 
Nitinol is a shape memory/superelastic alloy that can be 

20 formed into a -remembered- or pre-disposed shape which it 
will "remember- even after the material has been 
substantially deformed away from this shape. When in its 
austenitic superelastic temperature range, this material 
will allow substantial deformation to occur away from its 

25 pre-disposed shape on the application of external stresses, 
and will return back to its pre-disposed shape when the 
external stresses are removed. At lower temperatures 
ranges, the material will not entirely regain its 
pre-disposed shape on the removal of external stress, but 

30 will regain the remainder of its predisposed shape upon 
heating back into the material's superelastic temperature 
range. In its lowest martensitic temperature range, the 
material will stay deformed after stress on it has been 
released, but will resume its remembered pre-disposed shape 
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when heated back into its superelastic temperature range. 
For the present invention, the material to be selected for 
wire 11 should ideally be in its superelastic temperature 
range at blood temperature (37"C) or at least be 
substantially superelastic at this temperature. 

The "pre-disposed" shape of filter 10, as shown in FIG. 
1, includes a generally straight deployment/retrieval wire 
section 12 which transitions at 13 into a generally 
expanding f rustoconically shaped, spiral filtering element 
14. Filtering element 14 has five turns 16-20, all of which 
are coaxial about a central axis 22, with central axis 22 
being offset from the axis of deployment/retrieval wire 12. 
As shown in FIG. 1, a "turn- is here intended to mean a 
portion of filtering element 14 that defines a 360" path 
around axis 22, and the "diameter" of a turn <D T ) is 
generally defined as two times the radius of thl approximate 
midpoint of the turn. Also as used herein, the "diameter- 
is measured when filtering element 14 is in the austenite 
phase and is not being restrained from assuming its 
pre-disposed shape. Thus, in FIG. 1, turn 17 is defined as 
that part of spiral wire 11 between points 23 and 24, and 
the diameter <D T > of turn 17 is twice its midpoint radius 
(R T ) 25. The first, most proximal turn 16 is the 
smallest, and the diameter of each turn 17-20 is 
25 successively larger than that of turn 16, with the diameter 
of the most distal turn 20 being the greatest and chosen to 
approximate or exceed the diameter of the blood vessel at 
the desired location for placement. In this way, turn 20 
attempts to expand against the inner wall of the blood 
vessel and stabilize filter 10. in one embodiment, the 
diameters of turns 16 and 20 are approximately 10 mm and 28 
mm, respectively, and the axial distance between turns 16 
and 20 is about 3 cm. These measurements may vary, however, 
with the diameter of the turns, the number of turns or other 
appropriate factors. it is to be understood that in 
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alternative embodiments filtering element 14 may have fewer 
or greater turns than shown herein. Preferably, though, the 
number of turns should be between 4 and 8. Also, filtering 
element 14 may be formed to assume various other 
5 configurations as well, such as a "horn" or "dome" shape, 
which serve to collect emboli for removal through working 
access channel 35. 

The distal end of filtering element 14 is curved around 
to form a loop 27 which creates a blunt surface thereat. 

10 Thus, when filtering element 14 is deployed as described 
below, the looped distal end 27 of filtering element 14 is 
much less likely to snag, erode or perforate the vena cava 
wall as opposed to an un-looped wire end. 

Referring to FIGS 2-5, there is shown a retrievable 

15 inferior vena cava filter system 30 that includes the 
retrievable inferior vena cava filter 10 and a delivery 
catheter 31. Catheter 31 defines a first working access 
lumen 35 which is sized to permit a catheter or other access 
instrument to extend therethrough to access the region at 

20 the distal end of the catheter. Catheter 31 also defines a 
second filter deployment/retrieval lumen 36 which is sized 
to receive wire 11 for advancement and retrieval 
therethrough. As shown in FIG. 3, filter 

deployment/retrieval lumen 36 is intended to be large enough 
25 to allow wire 11 to be easily advanced and withdrawn 
therethrough in a manner to be described below. The 
diameter of lumen 36 is exaggerated in FIGS. 2-4 relative to 
wire 11 for illustration and discussion of the present 
invention. The working access lumen 35 is then made to be 
3q as large as possible relative to the inner diameter of 

filter deployment/retrieval lumen 36 and the outer diameter 
of the catheter 31 while still maintaining the desired 
characteristics of a catheter 31 that is intended to be 
introduced and advanced through the jugular and into the 
35 inferior vena cava, as shown in FIG. 5, such as high 
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flexibility, good pushability, good torgueability , high 
resiliency, and a low coefficient of friction. The relative 
importance of each of these characteristics may vary with 
other variables such as patient type and other technological 
characteristics and advances. In one embodiment, catheter 
31 is a 16 Fr catheter wi- n the diameter of lumen 35 being 
large enough to receive a 9 Fr catheter, and with the 
diameter of lumen 36 being approximately 0.016 in. (0.406 
mm) to easily receive a 0.014 in. (0.356 mm) diameter wire 
11. Catheter 31 may be made of polyethylene or polyurethane 
or any other appropriate material known in the art for a 
catheter used as described herein. As is known in the art, 
catheter 31 may be coated or treated with an anticoagulant 
to prevent thrombus from forming thereon. 

At its proximal end 32, catheter 31 is joined at a 
y-fitting 37 to a first and second tube 38 and 39, 
respectively, each tube having a lumen that is in fluid 
tight communication with lumens 35 and 36, respectively. 
Adapters 42 and 43 are connected to the proximal ends of 
tubes 38 and 39, respectively. m one embodiment, adapters 
42 and 43 each consist of a Check-Flo® adapter from 
Cook, incorporated of Bloomington, Indiana. Each adapter 42 
and 43 has a valved access opening 44 that is in 
communication with the lumen of the corresponding tube, 38 
and 39, and the corresponding lumen 35 and 36. Up to a 9 Fr 
catheter or instrument 45 may be inserted through opening 44 
and advanced through working access lumen 35 until the 
d^tal end 46 of such catheter or instrument 45 reaches the 
distal end 33 of catheter 31 (FIG. 2). Catheter 45 may be 
of the type used to deliver medication (such as an 
anticoagulant or thrombolytic agent) to the access site at 
the distal end 33 of catheter 31, or it could be of the type 
having its proximal end connected to a vacuum source to 
aspirate emboli as described herein. The valved access 
opening 44 of each Cook Check-Flo® adapter has a 
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self-adjusting seal that prevents blood reflux and air 
aspiration during introduction of catheters or instruments. 
Each adapter also has a side connection line 47 that 
connects in communication with a three-way stop-cock 48 that 
5 can be used as a second infusion line. 

Referring to FIGS. 2-4, the distal end of catheter 31 
terminates at leading edge 49 that is substantially 
orthogonal to the axis of both catheter 31 and working 
access lumen 35 (this is best shown in FIG. 4 which is a 

10 cross-sectional view along plane A of the embodiment in FIG. 
3). The distal end of catheter 31 is tapered at 50. In 
addition to facilitating insertion and advancement of the 
catheter in the blood vessel, tapered surface 50 further 
serves to facilitate deployment of filter 14 from filter 

15 deployment/retrieval lumen 36, and retraction there back 
into when filter 14 is to be retrieved. The distal end of 
filter deployment/retrieval lumen 36 defines a widened 
opening 52 to further facilitate deployment and retraction 
of filter 10. 

20 As described herein, the axis 22 of filtering element 14 

is offset from the axis of deployment/retrieval wire 12 so 
that when filter 10 extends from the distal end 33 of 
catheter 31, as shown in FIG. 2, axis 22 of filtering 
element 14 assumes its pre-disposed shape to extend about 

25 the extended axis of working access lumen 35. In this 
configuration, filtering element 14 defines a "filtering 
channel" extending about the extended axis of working access 
lumen 35. Preferably, the defined filtering channel should 
be sized to be at least as large as the diameter of working 

30 access lumen 35. When filtering element 14 is so deployed 
within a blood vessel, emboli trapped within filtering 
element 14 are funneled toward working access lumen 35 of 
delivery catheter 31 with working access lumen 35 providing 
access to the area within filtering element 14 for direct 

35 aspiration of trapped emboli therefrom. When filtering 
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element 14 has been so deployed, catheter 31 also serves as 
a centering base for the proximal base end of filtering 
element 14. 

In use, filter system 30 is percutaneous ly inserted 
5 through the jugular vein 55 and advanced to the desired 
location at the inferior vena cava 56 using the Seldinger 
technique. Under fluoroscopy, catheter 31 is introduced 
into vein 55 and advanced over a wire guide to the 
infrarenal vena cava 5 6 and then to a point approximately 4 
10 cm past the desired filter deployment location. 

With the leading edge 49 of catheter 31 advanced about 4 
cm past the desired deployment location as observed under 
fluoroscopy, the operator now slowly withdraws catheter 31 
while holding wire 12 steady outside of the body, in essence 
15 thereby ejecting filtering element 14 from the distal end of 
catheter 31. Loop 27 at the distal end of the filtering 
element 14 presents only a blunt surface which helps avoid 
an otherwise pointed distal end of the wire from eroding or 
puncturing the vessel wall. Owing to the shape 
20 memory/superelastic properties of the Nitinol material from 
which it is made, filtering element 14 resumes its preformed 
shape as it is advanced from the distal end of catheter 31. 
While the deployment technique may vary from one operator to 
another, the operator may now perform some combination of 
25 further withdrawing the catheter 31 and advancing the filter 
10 to complete the deployment of filtering element 14 to the 
desired location shown in FIG. 5 (and in enlarged fashion in 
FIG. 2). once filtering element 14 is deployed into the 
desired location, injection of contrast medium through 
either lumen 35 or 36 (via auxiliary stop-cocks 48) enables 
the operator to confirm the proper positioning of filtering 
element 14. The proximal end of deployment/retrieval wire 
12 may then be pulled, pushed and/or twisted to refine the 
positionment of filtering element 14 and then fixed thereat 


30 
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with respect to catheter 31 by tightening the Check-Flo 
adapter 43. 

In this deployed condition, the most proximal turn 16 
has a diameter that is slightly larger than the outer 

5 diameter of the distal end of catheter 31. Further, the 

axis 22 of turns 16-20 is substantially coexistant with the 
axis of lumen 35. As seen in FIG. 5, because the most 
distal and largest turn 20 is sized approximately the same 
or larger than the inner diameter of infrarenal vena cava 

10 56, and because the adjacent proximal turns 19, 18, 17 and 
16 are successively smaller, emboli traveling toward the 
heart at the infrarenal vena cava become trapped in 
filtering element 14 and are tunneled toward working access 
lumen 35. A catheter 45 that is connected at its proximal 

15 end to a suction device may be advanced through working 
access lumen 35 and used to aspirate emboli trapped by 
filtering element 14. It is further contemplated that 
working access lumen 35 may be used to provide working 
access for other instrumentation as well. At any time while 

20 catheter 31 is in the appropriate position within the 
inferior vena cava, anticoagulants such as Heparin or 
thrombolytic agents such as Streptokinase may also be 
introduced, if desired, through either lumen 35 or 36 via 
the auxiliary stop-cocks 48. 

25 When filter 10 is to be withdrawn, some combination of 

advancing catheter 31 and withdrawing filter 10 may be 
performed to pull filtering element 14 back into filter 
deployment/retrieval lumen 36. Owing to the superelastic 
property of the Nitinol material from which is it made, 

30 filtering element 14 may be easily withdrawn back into 
filter deployment/retrieval lumen 36, reassuming a 
restrained generally straightened shape within lumen 36, and 
may be redeployed, if desired, to again reassume its 
predisposed expanding f rustoconical shape for filtering 
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within the blood vessel. Further reduction of frictional 
effects may be achieved by coating the exterior of wire 11 
with friction-retarding coatings known in the art. 

While the invention has been illustrated and described 
in detail in the drawings and foregoing description, the 
same is to be considered as illustrative and not restrictive 
in character, it being understood that only the preferred 
embodiment has been shown and described and that all changes 
and modifications that come within the spirit of the 
invention are desired to be protected. 
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What is claimed is: 

1. A filtering system for filtering emboli from blood 
within a blood vessel, said filtering system comprising: 

a delivery catheter having a first working access lumen 
5 defining a working access axis, and a second filter 
deployment/retrieval lumen defining a filter 
deployment/retrieval axis; and 

a filtering device receivable within said filter 
deployment/retrieval lumen, said filtering device including 

10 a deployment/retrieval wire section and a filtering element 
formed at the distal end of said deployment/retrieval wire 
section, said filtering element being made of shape 
memory/superelastic material and being formed to have a 
pre-disposed shape which, when said filtering element has 

15 been deployed by being extended distally from said delivery 
catheter through said filter deployment/retrieval lumen 
thereof, defines a filtering channel that is offset from 
said deployment/retrieval axis and which extends about the 
extended axis of the working access lumen of the delivery 

20 catheter, whereby when said filtering element is so deployed 
within a blood vessel, emboli trapped within the filtering 
element are funneled toward the working access lumen of said 
delivery catheter for removal therethrough. 

2. The filtering system for filtering emboli from 

25 blood within a blood vessel of claim 1 wherein the filtering 
channel defined by said filtering element is at least as 
large as the diameter of said working access lumen of said 
delivery catheter . 

3. The filtering system for filtering emboli from 
3° blood within a blood vessel of claim 1 wherein said 

filtering element is generally expanding in the distal 
direction away from said delivery catheter. 
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4. The filtering system for filtering emboli from 
blooa within a blood vessel of claim 1 wherein said 
filtering element forms a generally f rustoconical shape. 

5. The filtering system for filtering emboli from 
blood within a blood vessel of claim 1 wherein the filter 
axis is offset from said deployment /retrieval wire an amount 
approximately equal to the distance between the axes of the 
filter deployment/retrieval lumen and the working access 
lumen at the distal end of said catheter. 

6. The filtering system for filtering emboli from 
blood within a blood vessel of claim 1 wherein the diameter 
of the working access lumen is substantially larger than the 
diameter of the filter deployment/retrieval lumen. 

7. The filtering system for filtering emboli from 
15 blood within a blood vessel of claim 1 wherein said 

filtering element includes a series of turns and wherein 
each turn successively increases in diameter from the most 
proximal to the most distal of said turns. 

8- The filtering system for filtering emboli from 
20 blood within a blood vessel of claim 7 wherein there are a 
total of between 4 to 8 of said turns. 

9. The filtering system for filtering emboli from 
blood within a blood vessel of claim 8 wherein the diameter 
of the most distal of said turns is greater than the inner 
diameter of the blood vessel. 

10. The filtering device for filtering emboli from 
blood within a blood vessel of claim 1 wherein the shape 
memory/superelastic alloy from which said filtering element 


25 
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is made is in its superelastic temperature range at blood 
temperature. 

11. The filtering system for filtering emboli from 
blood within a blood vessel of claim 10 wherein said 

5 filtering device is an integrally formed, one-piece wire 
made of Nitinol. 

12. The filtering system for filtering emboli from 
blood within a blood vessel of claim 1 wherein the filter 
deployment/retrieval lumen is enlarged at the distal end of 

10 said catheter. 

13. The filtering system for filtering emboli from 
blood within a blood vessel of claim 1 wherein said catheter 
has an outer surface that is tapered at the distal end of 
said catheter. 

15 14 . A method for filtering emboli from blood within a 

blood vessel, said method comprising the steps of: 

introducing a delivery catheter into the blood vessel, 
the delivery catheter having a first working access lumen 
defining a working access axis, and a second filter 

20 deployment/retrieval lumen defining a filter 

deployment/retrieval axis, and a filtering device received 
within the filter deployment/retrieval lumen, the filtering 
device including a deployment/retrieval wire section and a 
filtering element formed at the distal end of the 

25 deployment/retrieval wire section, the filtering element 
being made of shape memory/superelastic material and being 
formed to have a pre-disposed shape which, when the 
filtering element has been deployed by being extended 
distally from the delivery catheter through the filter 

30 deployment/retrieval lumen thereof, defines a filtering 
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channel that is offset from the deployment/retrieval axis 
and which extends about the extended axis of the working 
access lumen of the delivery catheter; 

advancing the distal end of the delivery catheter to a 
desired location within the blood vessel; and 

advancing the filtering device relative to the delivery 
catheter so that the filtering element exits the filter 
deployment/retrieval lumen at the distal end of the catheter 
and expands into its pre-disposed shape within the blood 
vessel, whereby emboli trapped within the filtering element 
are funneled toward the working access lumen of the delivery 
catheter for removal therethrough. 

15. The method for filtering emboli from blood within a 
blood vessel of claim 14 in which the filtering channel 
defined by said filtering element is at least as large as 
the diameter of the working access lumen of the delivery 
catheter. 

16. The method for filtering emboli from blood within a 
blood vessel of claim 14 in which the filtering element is 
generally expanding in the distal direction away from the 
delivery catheter. 

17. The method for filtering emboli from blood within a 
blood vessel of claim 14 in which the filtering element 
forms a generally f rustoconical shape. 

18. The method for filtering emboli from blood within a 
blood vessel of claim 14 further includes the step of 
applying suction to the desired location through the working 
access lumen. 

19. The method for filtering emboli from blood within a 
blood vessel of claim 18 wherein said applying suction step 
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includes advancing a catheter having proximal and distal 
ends through the working access lumen, said catheter having 
a suction source connected at its proximal end. 

20. The method for filtering emboli from blood within 
5 blood vessel of claim 14 which additionally includes the 

step of passing another instrument through the working 
access lumen of the delivery catheter and the filtering 
channel to gain access into the blood vessel. 

21. The method for filtering emboli from blood within 
0 blood vessel of claim 14 in which the shape 

memory/superelastic alloy from which the filtering element 
is made is in its superelastic temperature range at blood 
temperature. 


WO 98736786 


PCT/US98/03097 




Fig. 2 


SUBSTITUTE SHEET (RULE 26) 



SUBSTITUTE SHEET (RULE 26) 


WO 98/36786 


PCT/US98/D3097 



SUBSTITUTE SHEET (RULE 26) 


INTERNATIONAL SEARCH REPORT 


International application No. 
PCTYUS9S703097 


A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :A 61 M 5/32 
US CL :604/174 

According 10 International Patent Classification (IPC) or to both national classification and IPC 


FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 604/174. 49-53, 264. 280; 606/198. 200 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
APS (catheter and nitinol and filter) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A,P 
A 

A,E 
A 


us 5,681,347 A (Cathcart et al.) 28 October 1997, 
abstract 

us 5,147,370 A (Mcisiamara et al.) 15 September 1992, 
abstract 

us 5,746,767 A (Smith) 05 May 1998, abstract 
US 5,383,887 A (Nadal) 24 January 1995, abstract 


1-21 

1-21 

1-21 
1-21 


| | Further documents are listed in the continuation of Box C [ | See patent family annex. 


Sp«cul cattporm of csud document! 

'A* document definm*. the general state of the an which »• not ooniidtrid 

u> ba of particular relevance 

'E* earlier document published on or attar the mtamauonal film* dau 

*L" document which may throw doubts oo pnonry claim(i) or which a 

ciud to ciiabiuh the publication date of another ciiauon or othat 
special reason las specified) 

'O* document referring to an oral disclosure, use. exhibition or other 

means 

'P* document pubUahed prior to the alternation*! fume, data but Later than 


kaiar document published after the mtamauonal filing data 
data and not sn conflict with tie eppbeauon but cited to 
the pnnctple or theory underlying the invention 


or priority 


do cum axil of particular roleTanee; t 
considered novel or cannot be considered to involve an 
whan the document u taken alone 


document of particular relevance; the cleaned invention 
conai dared to tttvorve an inventive step when tl 
combined with one or more other such document*, at 
berruj obvious to e peraon skilled m me art 

document member of the aame patent family 


it be 
•tap 


Date of the actual completion of the international search 
30 JUNE 1998 

Date of mailing of the internauonal search report 

/] i b jul m 

Name and mailing address of the ISA/ US 

Commissioner of Patent* and Tndcmarki 
Box PCT 

Washington, D C 20231 
Facsimile No. (703) 305-3230 

/^DEBORAff BLYVEIS 
Telephone No. (703) 30S-21 10 


